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Th«  vlrulono*  and  pathogonlolty  of  oowpox  vlrua. 
b7  H.  Noritaoh. 

Trsnslatad  froa  Zoit.  TrapanMd.  Paraait.  8t  333-348  (1957)  bj  tha 
Taohnloal  Library,  Taohnioal  Infonaatlon  Divlalon. 


0n«  hundrtd  and  aixty  yaara  ago,  on  Hay  14,  1794,  Edward  Jannar  . 
oarrlad  out  that  hlatorioally  wall>known  attaapt  to  uaa  puatular  aatarial 
froa  tha  hand  of  a  girl  who  had  oontractad  ganuina  aowp<Mc  whlla  ailklng 
to  inooulata  an  8~yaar-old  boy  in  ardor  to  protaot  hia  againat  a  aubaaquant 
Infaotion  with  aaallpox.  31x  waaka  latar  tha  boy  oould  no  longar  ba  In- 
faotad  with  variola,  offarlng  tha  flrat  proof  of  tha  protaotlra  affaot  of 
oo%pox  vaooinatlon  againat  latar  aaallpox,  Tha  foot  that  a  oowpox  infaotion 
oould  protaot  a  paraon  againat  aaallpox  had  boon  known  to  tha  rural  popula¬ 
tion  for  aoaa  V.ma  and  probably  Influanoad  Jannar 'a  daoiaion  and  notion,  aa 
may  bt  gath<irad  froa  Kaiaar'a  (1949)  axoallant  praaantation  of  tha  hiatory 
and  davalopaant  of  jaallpox  vaooinatlon.  Thaaa  raporta  aa  wall  aa  tha 
Utaratura  rafaranoaa  liatad  in  Sbarbaek'a  (1939)  Manual  of  Virua  Dlaaaaaa 
daatonatrata  furthar  that  tha  oonoapt  of  "oowpox  Infaotion"  waa  known  in 
thoaa  daya  apaoifloally  aa  «  aaparata  ayaptoaMtoiogy  in  oowa,  Inoludlng 
Ita  trananiaaibility  to  nan. 

Thla  olaar  oonoapt  of  "oowpox"  latar  bacaaa  oenfuaad  in  proportion  to 
tha  afforta  of  varioua  oountriaa  to  iBBunlaa  thalr  population  againat 
aaallpox.  In  kaaping  with  Jannar 'a  idaaa,  original  plana  inoludad 
vaooinatlon  with  ganuina  oowpox  virua  and  tha  ultiaate  aatabliahoant  of 
aaparata  inatitutaa  for  thla  purpoaa,  wbioh  would  nalntaln  thla  vaooinal 
virua  at  oonatant  virulanea  and  would  uaa  it  to  produoa  a  workabla  vaoolna. 
Tha  Utaratura  enployad  tha  tarn  "oowpox  virua"  whan  rafarring  to  thia 
vaooinal  atrain,  until  Downia  (1939)  eallad  attantion  to  tha  fundanontal 
diffaranoa  batwaan  ganuina,  original  oowpox  virua  and  tha  vaooinia  virua 
utiliaad.  Thia  lad  to  tha  Juatifiad  quaation  whathar  tha  vaooinia  virua 
amployad  aa  ioaiunogan  waa  daaoandad  froa  ganuina  oowpox  virua  and  had 
Boraly  auf farad  ohangaa  during  oonatant  cultivation  at  tha  iomunologioal 
inatitutaa,  or  whathar  anothar  atrain  of  tha  pox  virua  group  ahould  ba 
oonaldarad  tha  parant  of  thla  vaooinia  virua.  Howavar,  alnoa  all  attampta 
to  oonfar  tha  proparti  aa  of  vaooinia  virua  on  ganuina  pox  virua  or 
alaatrla  atralna  or  on  anothar  atrain  of  tha  aninal  pox  group  hava  failed 
in  varioua  paaaaga  axparioanta,  thla  quaation  nuat  ramain  unanawarad  for 
tha  time  balng.  Tha  problam  of  a  poaalbla  "primordial  atrain"  of  the 


entire  pox  virus  group  slml^Arly  raste  o'ily  on  6  saumptlons.  If  the 
problem  of  origin  of  tne  Individual  pox  group  at  rains  Is  set  aside,  and 
dlecusBlon  Is  limited  to  factual  danonstrations  of  differences  between 
the  various  strains  of  this  aroup,  It.  i»i*t.  h*  th-t  th*re  !•  no 

longer  aui  Identity  between  oowpox  virus  and  vaoclnla  virus.  For  this 
reason  the  deilgnetlon  "oowpox  virus"  should  b<i  reserved  for  the  pathogen 
of  original  oowpox,  and  Uia  Imnunogenio  strains'  should  be  known  as 
"vaooi^a  vims."  Danonstrstad  for  the  first  ttms  by  Downie's  studies, 
this  disoovery  was  supported  and  devsloped  In  subsequent  years  by 
variegated  Inveetlistlons,  until  It  has  btoome  possible  to  fix  the 
differential  dlagnoeli  of  a  oowpox  virus  Infeotlon  without  great  dlffl- 
oulty  in  a  suitable  laboratory.  These  viral  properties  Involve  the 
behavior  of  the  virus  in  the  bell  and  In  the  tlnuua,  oonsldered  norphol- 
ogioally  ohareotsrletlo  of  oowpox  virus  duo  to  its  unusual  pathogenlolty. 
Sorolmtaunologl  oal  tests  also  permit  olear  dlffsientlatlon  of  this  vl.rus. 
3inos  our  own  studlss  havs  unoovsrsd  nsw  aspsoti  of  ths  problsmatlo 
oonplox  of  vlrulenos  and  pathogsnielty  of  oowpox  virus,  It  ssans  Indioatsd 
to  present  a  oompllatlon  of  ourrent  Intelligsnos , 

For  reasons  of  psraplouity,  ths  present  paper  will  firet  dlsouss 
generally  valid  properties  of  the  virus,  l.e.,  formation  of  Inclusion 
bodies  end  the  eharaoterlstlo  appearance  of  the  Ijoal  infection,  followed 
by  the  antlgenlo  struoture  of  the  virus  in  oorreLition  with  lonunlty  and 
eerelofloal  techniques,  Including  known  intsrfsrsnue  phenomsna,  and  wUd 
olossiwlth  ths  psouilar  pathogenlolty  of  ths  vlruu  in  nan,  oattls,  rabbit, 
souse  end  hen's  egg.  () 

Fomatlon  of  Inclusion  bodies  by  dnwpox  virus. 

When  «  tieaue  lection  Infeoted  with  oowpox  v.rui  is  stained  with 
henatoj^llnoeoeln  end  observed  under  msdlus  power,  ialtlally  reoognlsable 
faotore  are  a)  the  ilie  and  looatlon  of  inoluilon  bodlee  and  b)  the 
hesorrhaglo  nature  of  the  looal  infection.  Theee  two  oharaoterietioe  are 
pertloularly  marked  when  a  tleiue  eection  ahalogou.tly  infected  with 
vaeolnle  virus  Is  prepared  for  oomparlion.  Vaoolnla  virus  also  tends  .c 
form  Inoluilon  bodies  In  the  oytoplais  of  e  prollfarated  oell  with 
belloonlng,  veeuolated  or  retlouleted  degeneretlon,  with  the  difference 
thet  InoluBlon  bodies  are  not  always  demonstrable  under  the  lli^.t  mloro- 
soope  end  Inverlebly  have  a*  minute  else,  so  that  ths  nuolsus  of  ths 
affsotsd  osll  usually  Is  still  visible  next  to  the  Inclusion  body.  Tho 
fxaot  struoturs  of  thsss  vaeolnle  virus  inclusion  bodies  ers  shown  on 
slsotron  mlcrogrephi  by  Oaylord  and  Kslniok  (1933).  It  le  svidsnt  that 
thsss  Inclusion  bodies  oonelct  of  numsrous  Individual  particles  sssmlngly 
hsld  together  by  a  matrix.  Based  on  these  stbdlss,  ths  authors  differ- 
sn'.lats  bstWNsn  "imsMturs"  and  "mature"  virus  partiolse.  In  contrast  to 
these  Inclusion  bodlee  due  to  vaoolnle  Infsotlon,  now  wsll-!cnowii  even 
with  reepeot  to  their  fins  stxvoture,  the  Inclusion  bodies  of  oowpox 
virus  Infsotlons  are  aartesd  by  their  unusual  slit.  They  frequently 
oooupy  the  entire  volume  of  ths  dleplaoed  cytoplasm  and  It  seems  es  If 


the  cell  nucleus  has  been  oonpressed  Into  a  orescent  against  the  cell 
wall.  This  singular  slse  Is  so  conspicuous  that  liaiser  and  Oberardinl 
(1940).  independent!/  of  Sowulv'e  atudies,  referred  to  this  phenoaenoB 
in  connection  with  a  strain  of  the  pox  group  and  called  attentioa  to  the 
diRwiadlarlty  in  slse  ««hen  coapared  to  vaeolnia  vlsrus  Inclusion  bodies. 
They  noted  granulation  in  those  inoluslons  and  assuaed  that  Quamieri 
bodies  consist  of  viral  colonies  bold  together  by  a  binding  substanos. 

The  ability  of  cowpox  virui  to  produce  particularly  largs  inelaalon 
bodlea  stsaa  to  bs  subject  to  fluotuetioni  the  cause  of  whloh  alght  be 
found  in  the  changing  relationship  between  tirue  end  oell.  Berger  (1956} 
believes  that  this  property  will  be  lost  ewentuelly  when  the  strain  is 
carried  througi  rabbit  oomeal  paesegee  in  the  laboratory.  Ha  aasuaea 
that  unusually  large  Inclusion  bodies  say  be  expected  only  in  those  oells 
where  oantrel  cellular  necrosis  prooseds  with  pertlouler  slownessf 
iSllowlng  sufMoisnt  tias  for  outstanding  devalopaant  in  alas.  Thla  would 
be  true  aoet  of  ell  when  the  infectious  aaterlal  is  transaittad  diraotly 
froa  the  cow  to  the  tast  anlaal.  The  reeotion  is  said  to  be  quite  pro* 
treotsd  In  the  first  test  eniael  peeeage,  while  increaelng  adaptation  to 
the  new  host  not  only  ahortsne  the  Inoubetlon  tlae,  but  also  oauass  ths 
Inclusion  bodlss  to  becoas  proporUonally  saallsr.  Qur  own  expsrlenei 
■howsi  hewsvari  that  a  strain  of  cowpox  virus  oontinuad  in  the  laboratory 
had  apparently  lost  this  ability  to  fora  Inolualon  bodiae  after  one  huaan 
pessege  upon  reeultlvetlon  on  the  rabbit  cornea  and  subsequent  transfer  to 
the  ohorioallantolo  aeabrane  (CAM),  The  large  inoluslon  bodlea  reeppeered« 
howevari  in  their  usual  ecopa  in  tha  4th  0AM  paiaagii  suggasting  the 
poiilbllity  of  reversible  processes  (Doioh  and  Morlteoh  1956) • 

The  looelisetlon  of  inoluslon  bodies  and  tha  slta  of  viral  oulti- 
plloatlon  sBiat  be  sought  prlnolpally  in  the  eotodemi  although  the 
infection  aay  start  in  ths  entodara  end  acaodsra^  so  that  one  cannot 
speak  of  e  strict  trepisa  of  thle  virusi  but  rather  of  a  preferonoe  for 
one  geralnel  layer  **  the  eotodsra  **  so  olsarly  deaonatreted  in  the  hen's 
egg  end  in  other  enlaal  tests. 

Local  infection  with  cowpox  virus. 

The  aost  oonepicuoue  sign  of  e  cowpox  infection  ie  the  heaorrhegie 
nature  of  Infleaaatory  Infeotlone  in  the  tiesue.  This  extraordinarily 
effeot.iva  uoaponent  laada  to  adaaa  with  heaal  congaatlon  and  heaorrhaga 
in  tha  oonnaotive  tiesua.  It  la  deaonotrablo  In  tha  organln  In  ell 
infoctlva  taetS)  regardlese  of  the  tent  enlaal  and  the  sits  of  Infrotlon, 
and  is  described  unaniaously  by  ell  authors.  It  differs  froa  heaorrhages 
aeeooletfd  vdth  teetloular  and  nerve  virus,  ainoe  it  ii  found  not  only  in 
rabbits  but  also  in  the  egg  (Herrlloh  end  A*ayr  1954). 

This  eesertion  is  quellfledi  however,  by  obeervaUons  atda  by  van 
Tongeren,  wl:>o  euooaedad  in  iaolatlng  aooalled  "oowpox  virus  sutanta" 
froa  typioa.'Jy  baaorrbaglo  oowpox  straine.  When  the  egg  neabrane  la 
Inooulated  with  an  original  atrain  of  oowpox  virue,  incubation  for  deyi 
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will  produce  many  "red"  pox  and  a  few  "white"  pox.  The  iaolatlon  of  this 
white  mutant  for  purposes  of  pure  culture  succeeds  after  5-8  egg  membrane 
paseagea,  resulting  in  a  pure  strain  of  cowpox  which  produces  only  such 

pAv  AM  * gg  ^  'f*W4  * 

by  seleotionj  is  still  capable  of  producing  local  infection  vdth  large 
inclusion  bodies  on  the  egg  membrane,  but  without  hyperemia  and  hemor¬ 
rhages}  in  monksys,  rabbits,  guinea  pigs  and  mioe,  on  the  other  hand, 
local  and  generalised  reactions  to  inoculation  art  vary  weak  or  entirely 
absent  (van  Tongeren  1952) •  Nevertheless,  this  variant  must  not  bs 
oonaidertd  a  new  virus  strain  of  the  pox  group,  discovered  in  s  mixed 
infection  with  cowpox  vims  during  transaisslon  to  the  egg  membrane,  but 
must  be  judged  a  genuine  autant  of  ooi^x  virus,  since 

1.  it  is  always  possible  to  isolate  suoh  mutants  from  purs  cultures 
of  cowpox  strains, 

2.  ths  double-diffusion  test  developed  by  Qiepen  (1955)  failed  to 
show  a  diffsrsnos  in  antigenic  struoture  between  original  "red"  and 
selected  "white"  etraine  of  rowpox  virua,  and 

3.  inoculation  of  calves  with  "white"  mutants  uonfere  immunity 
against  genuine  "red"  oowpox  (van  Tongeren  1952) • 

AntigsrlQ  struoture  of  oowpox  viims  and 
oaroiaaurologioal  studies. 

Aside  from  ths  oharaotsristies  of  a  looal  infection  with  oowpox 
virus,  ths  latter  may  bs  differentiated  positively  from  variola  and 
vaooinia  virus  by  exact  ssroiSDSUndlogloal  tests i  Initial  studies  were 
oarrlsd  out  by  Oownis  (1932i  1939) •  In  comparisons  with  vaccinia  virus 
he  found  first  that  agglutination  tests  with  slomsntary  body  suspensions 
and  oomplsnsnt  fixation  rotations  (based  on  methods  smploysd  by  Oraigis 
and  Wishart  in  193A  in  oonnsotion  with  vaooinia  virus)  produced  much 
higher  serum  titers  with  homologous  virus  that  with  heterologous  virus. 
Following  absorption  of  imiouns  ssra  with  homologous  elementary  bodies, 
he  was  unable  to  dsmonstrato  siitibodiss  in  agglutination  tests,  in  OFR 
and  In  neutrsUsation  tests  either  against  the  homologous  or  the 
hotsrologouB  strain.  On  ths  other  hand,  absorption  with  hetorulogoui 
olsmontary  bodioo  romovod  only  antibodies  directed  against  this  (hotorol- 
ofous)  virus  strain  from  ths  immuna  serum,  indicating  that  ths  latter 
could  bs  induced  to  produos  a  apseifio  antigen-antibody  rsaation  with 
the  original  (homologous)  virus  strain,  even  though  on  a  reduced  level. 
Downla,  however,  strassvid  already  in  1939  that  a  prsolss  dstominatlon 
of  purs  "L"  and  "3"  antigens  would  bring  further  Information  on  the 
degree  of  consanguinity  between  uot^ox  ond  vaooinia  virus.  Additional 
studies  by  Downlo  sal  ooworksrs  (1950)  show  that  this  method  permits 
differentiation  of  vaooinia  and  variola  virua  from  oowpox  virui,  but 
that  ths  Utter  could  no  longer  bs  differentiated  from  sotromella  virus. 
Similarly,  ths  Uoubls-dlf fusion  test  developed  by  Olspen  for  the 
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differentiation  of  pox  group  viruaee  permits  only  distinotlon  between 
variola-vaooinia  viru^'  on  one  side  and  cowpox  (Inoludlng  the  "white” 
mutant )-eotromella  <^n  fK«  cthsr.  Diffariutialiuu  betws«  oowpox 

and  eotromelia  vlrue  i«  not  possible  with  serologioal  methods  and  must 
be  made  in  animal  tests. 

This  rarlable  motion  of  vaoelnla  and  oowpox  virus  in  serologioal 
rsaotions  wms  oonfirmed  or  supplsmsnted  fa^>eraonal  asutraliiatlOB  tssts. 
Those  differed  from  preosdlng  studies  to  the  extant  that  they  rsprssented 
the  first  inetaaoe  in  vhloh  a  vaeoinla  virus  strain  (Vienna)  adapted  to 
the  mouse  brain  and  an  original  oowpox  virus  strain  were  tiiMted  in 
oroSB-tests  by  intraeerebral  Infeotlon  of  niee  weighing  d*10  g  with 
rabbit  immune  sera.  In  these  tests  the  intraosrebral  infsotion  of  the 
mouse  proved  more  soneitivs  than  intraoutaneous  appUoation  to  the  rabbit 
baok,  as  already  pointed  out  by  Haagen  (1934)  in  oonneotion  with  his 
attempts  to  adapt  vaoelnia  virus  to  the  mouse  brain.  In  this  manner  a 
more  strongly  neutralising  effeot  of  oowpox  iSsune  serum  was  obtained,  in 
oosiparison  to  vaooinla  virus  immune  serum  against  the  strain  of  vaoolnia 
virus  (Dosoh  and  Xoritsoh  1956) . 

All  these  reports  were  oonoerned  with  oomparlsoBs  of  oowpox  virus 
with  other  strains  of  the  pox  group  in  serologioal  testa.  An  exact 
analysis  of  the  antigonio  struoture  of  uowpox  virus  has  been  attempted 
heretofore  only  by  Hayr,  Herrlleh  and  Hahnel  (1995) •  They  based  their 
■tudlee  on  the  hTPotheeie  that  the  total  antigenlo  oonplex  of  oowpox 
virus  oontains  dlffsrent  individual  antlgsnsi 

1.  T-antlgeae  linked  tp  the  viral  elea«itary  uniti 

2.  a)  S-antigene,  b)  hemagglutlnine  aeparable  from  the  viral 
•lemwitaiy  unit,  and 

3.  a  hoat-epeoiflo  normal  oo^ponent  antigan  (NX-antlgan)  whioh 
axleti  both  in  aoUd  linkage  with  the  virua  and  in  separately  demonstrable 
form. 

Bxaet  data  on  8-antigan  sxiits  today  only  with  rsspsot  to  vaooinla 
virua  I 

Thii  8-anti gen  is  always  (bund  at  the  site  of  viral  propagation, 
although  lie  role  In  viral  synthaeie  ia  not  clear.  Zt  la  non-infeotioua 
V01  therefore  oannot  by  itself  Immunise  against  the  oomplete  virue, 
ougti  It  leada  to  the  formation  of  apeoiflo  antibodiea  againet  8- 
antlgan.  This  S-antlgen  may  than  be  prepared  in  a  speoifio  manner  and 
fixed  in  the  prseenoc  of  oonplemsnt.  The  literature  dealing  with  vaoolnia 
virus  makes  a  distinotlon  bstwsen  a  thermolabile  "L”-ooaponenl  and  a 
thermostabls  "8"-oompensnt,  both  of  which  are  in  solution  as  ”l43”-oomplsx 
and  ars  said  to  rsprssont  a  portion  of  the  aurfaoa  of  vaoolnia  virue. 


9 


In  thti  course  of  their  extensive  work  these  authors  found  ttiat 
purified,  vlrus-speclflo  S-antlgan  of  oowpcx  virus  was  tharmontabls  and 
that,  contrary  to  preceding  studies  by  other  authors  with  vaoolnla  virus, 
no  theraolabile  L>oomponent  could  be  found  either  In  vaoolnla  virus  or  In 
oowpox  virus.  They  ooneluded  that  the  sooalled  L-oonoonent  Is  not  a 
aonsiituent  or  "u)”-oonplex  (oolned  in  oonneotlon  with  vaooinia  virus), 
but  represents  a  host-speolflo  nonsal  ooaponant  always  present  In  large 
amounts  In  unpurified  S-«ntlgen  starting  aaterial. 

Thus  no  priholj^l  differsnoe  In  ths  struoturs  and  ooapositlon  of  the 
aatlgonio  ooaplax  aaeu  to  exlat  bstwsan  oowpox  and  vaoolnla  viruti 
psndtting  ooaparlaona  ••  in  this  aansa  —  batwaen  ths  two  stralna. 

Howevar,  It  nnat  be  itrssted  again  that  thera  art  quaatitatlva  ahd|  In 
part,  qMlltatltf  diiAladlarltios.  The  sxtsnt  to  idiloh  this  la  exprsaisd 
In  the  iasninogmio  property  of  a  oowpox  virui  atraln  hae  not  beah  axutined 
Buffloiently  in  oonparatlvt  teete.  Our  own  studies  asrsly  show  that  a 
rabbit  Infsotsd  with  vaooinia  virus  nay  bs  ralnfsetsd  oorntally  with 
oowpox  virus,  whlls  a  rnbbit  infsotsd  1 iltlally  with  oowpox  virus  is 
iBoauns  against  a  aseotx^axy  Infaotion  wiuh  vaooinia  virua  (Oosoh  and 
Morltaoh  19!*6).  This  Indioatss  that  inf  action  with  oowpox  \lrus  nay 
oonfer  a  higher  degree  of  innunlty  than  Infection  with  vaooinia  virus. 

Intarfarsnos  witi)  oowpox  virus. 

SinOe  the  Intarfarantial  phsnonsna  connecosd  with  viral  infaotlona 
attraot  apaoial  attaniion,  wa  shall  refer  to  ths  only  two  phsnoMna  known 
froB  oowpox  Infsotlons.  Doseh  (1955)  ifuoosodod  in  satabUahlng  tho 
phsaoasnon  of  a  saoondary  auto-lntsrfsrdnoa  in  virelogioal  and  htlatelogloal 
atttdlas  by  inf sating  htn'a  eggs  with  an  original  strain  of  oowpox  whioh  was 
Will  adapted  to  tho  sgg.  He  Infsotsd  ths  Om  twLoo  looally  at  intervals  of 
3  days  and  obaarvtd,  both  Msoroiooploally  and  nioroioopioally,  a  raeiprooal 
aotlon  In  tha  ssnaa  of  dovolopowntal  Inhibition  in  tho  looal  Infootlon. 

Tho  inhibiting  offset  of  tho  first  Infsotion  on  tho  ssoond  wai  olsarly 
indidatsd,  whils  a  aimultansoua  offset  in  ths  oppooits  dirootlon  oould 
net  always  bs  dsBonstratsd.  Korsovsr,  tho  dovalopmunt  of  inoluiion 
bodies  in  ths  tissue  was  nearly  parallel  to  ths  nuioroaoopio  findings. 

Slnos  these  testa  safploysd  two  infsotlons  with  ths  saas  viral  strain, 
ths  dsalgnation  of  ths  phsnorosnon  as  a  aooondary  auto-lntsrfsrsnos  assas 
Justlfisd. 

Personal  atudlos  rtvoalod  furthar  that  ths  phsnoasnon  of  foreign 
Intsrfsrsnos  with  a  nsurotropio  virua  nay  bo  produosd  in  oowpox  infootiopi 
of  aloe.  Ths  intsrfsrsnos  obssrvsd  in  this  oass  was  foreign,  slnos  ths 
rsoiprooal  influtnos  of  two  different  virus  strains  was  involved. 
Hiitologloal  exanination  of  aouas  organa  for  tha  first  tina  ravsalsd 
pathologioal  ohangos  whioh  had  not  boon  soon  harstofors  upon  separate 
infsotion  with  each  of  these  two  strains.  These  proosssss  are  balng 
studied  in  tests  now  in  progress. 
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P»ihog«nlolt7  of  cowpox  rlrus. 


1.  Hxuoan  infoctlont. 

LoMl  Infootlon  of  aon  tdth  ooMpox  Tlruo  loadi  to  foraotlon  of 
vooLoloa  and  puatuloo  on  tho  aldn  la  a  fathloa  typieal  of  pozrirua  atralna. 
full  loeai  Infoetlen  aaj  ba  dlffarantlatad  naoroaeoploal]/  from  Taoolnla 
vlrua  infaationa  bf  Ita  ^taoial  haaorrhaalo  ooaponnt.  Tba  apitballal 
oalla  of  tba  axln  raraal  paranuolaarl/  •Ituatod  laolaaion  bodiaa*  Tho 
TiPua  aaj  bo  roeulturad  fMa  tho  puatular  oontoata  in  tho  euatoMiT 
aannor* 

Whothor  ^0  aaonaption  ropoatodljr  eltod  in  tho  Utoraturo.  that  oowpox 
vlrua  produooa  a  "allkor'a  aodulo"  on  huaan  akin)  la  atlll  valid  todajf 
auit  bo  oonflraad  pooitlvoljr  bj  nowor  lnTootl|atlona»  Tho  loot  oxporl- 
Bontal  atudloo  and  obaomtlona  bj  Borgor  (1955«  19$6}  Indloato  that  no 
Tlrolo|ioal  or  aorolanunologloal  oorrolationo  oxlat  botwoan  oowpox  vlrua 
and  allkar'o  nodulo<  Poroonal  otudloa  (not  publlahod)  baaod  on  hiotologloal 
oxaalnotlono  of  looal  outanooua  infaotlona  havo  ohown  an  otlolofioal  oon- 
nootion  botwoon  atlkor'o  nodulo  and  oowpox  vlruo  to  bo  laprobablo,  olnoa 
tho  pathologLoal  roaotlon  Involvod  dooa  not  roaoablo  a  oowpox  Infaotlon 
and  no  vlruo  of  tho  pox  group  haa  ovor  boon  laolatod.  Thla  raiaoa  tho 
quoatlotti  whothor  tho  oonoopt  of  "allkor'a  nodulo”  ihould  bo  gonoraliiod 
and  whothor  thla  night  pooalblj  roprooont  a  gonulno  oowpox  vliuo  lafootlon> 
whloh  night  load  to  oonatant  oenfuiloni  or  whothor  an  Infoetlen  lui  gonoria 
la  involvod  (an  unproved  aoaunptlen))  whloh  loavoi  tho  oonoopt  of  ”nilkor'a 
nodulo”  la  a  atrlotljr  aoparato  eatogorfi  oortainly  net  apnon^uo  with  a 
oowpox  vlMO  Infootlon.  Zt  no  longer  aoona  foaalblo  to  ipoak  of  "nllkor'a 
nodulo  aonau  atrlotlerl”  and  to  uao  tha  tom  nllkar'a  nodulo  (olting  lalaor 
1953)  for  four  otlolegloally  and  oUnloalljr  dlfforont>  but  ilBlIir»  norbld 
proeoaoea.  Sathor.  one  ahould  try  to  aoparato  tho  oenoonta  of  "oowpox” 
and  "Hllhor'a  nodulo”  onoo  and  for  all  on  tha  baoio  of  thoir  difforing 
otlologyi  now  that  oxaot  otudloa  of  oowpox  vlrua  hava  nada  it  poaaibla  to 
dlfforontiata  tho  lattor  aa  a  aoparato  atrain  of  aninal  poxi 

aiadlarlyi  oontaglouo  puatular  damatitla  of  ahaopf  popularly  known 
aa  ORFi  aa  nantionod  by  Blallng  (1954)i  a  diaaaaa  tranMlaiibla  to  eowa 
and  huaan  bolngoi  ahould  ba  oonparod  to  idlkar'o  nodulo  and  ahould  ba 
dlffarantlatad  fron  a  gonulna  oowpox  vlruo  Infootion* 

Ao  Indloatad  by  Jonnor'o  otudloa,  gonuina  oowpox  Infautiono  of  oattlo 
and  nan  hava  boon  known  for  oom  tlna  from  thalr  ollnloal  aipootoi 
Datailod  roperta  on  hunan  Infaotlona  with  loolatlon  of  tha  vlrua  hava  oom 
fron  Ingland  (Oownla  at  ali  1933f  1951)  and  Holland  (Vorlinda  1951) ■ 

Thoaa  Infaotlona  ara  found  in  ogHoultural  workoro  who  oontraot  oowpox 
vlruo  infaotlona  by  oontaet,  oaptolally  during  nllklngi  Howavor,  not 
ovary  infaotlon  with  a  vlruo  of  tho  pox  group  trarianlttod  fron  eow  to  nan 
ihould  bo  oonoidorod  a  oowpox  vlruo  Infaotlon,  ilnoo  a  ganuino  "vaoolnia 
Inoooulata”  nay  bo  oncountorod  oooaoionally,  ao  ahown  by  invoatlgatiena 


by  Otte  and  Moohmann  (1955) •  i'ot  Lhla  roason,  ths  dlagnoals  of  "oowpox 
virus  infootlon"  should  not  bs  goarsd  solsly  to  dsnonstrstlon  of  ths 
Infsotlva  routs  oow^man,  but  ought  to  dspand  sxclusivsly  on  a  suooassful 
dlffsrsntiAtlon  of  ths  isolstsd  pathogsn. 

A  frsqusnt  oonplloation  obasnrsd  in  infants  it  ths  sasAr  Infsatlon 
of  ths  tysf  ltAdj.n<  to  ssoondAry  VAOoinlA  sfflorssosnossi  prsforably  on 
tbs  rla  of  ths  syslld.  This  oosqilioAtion  has  bssn  dstoribsd  also  in 
eonnsotion  with  oowpox  infsotiont  (Ontiokshank  19i0»  Ktdsr  1919t  Ffingst 
1941) •  All  of  thsas  ossss  involvs  infsotiont  with  rathsr  bsnign  toursss, 
tisdlar  to  ths  usual  ooaplioatlons  with  vaaoinia  virus.  A  singls  oast 
dsssnrts  to  bs  pointsd  out|  sinos  it  involvsd  a  virulsnt  laboratoiy  in« 
fsotlon  (Dosoh  and  Moritsoh  1936) • 

This  infsatlon  was  oontraotsd  during  s^nipulatlons  of  snriohsd  vlruti 
whloh  squirtsd  undsr  prssturt  Into  ^s  right  sys  of  ths  patisnt  who  had 
bfjim  vaooinatsd  lust  30  ysars  ago.  Within  14  daysi  ths  antirs  oonjunetiva 
biilbi  dsvslopsd  an  ulosreus  proosts  with  ohsaosis  and  sdsstt  whloh  ultiaatsly 
Isd  to  rsvorsibls  olouding  of  ths  oornsa,  Xn  addition^  thsrs  wort  ssoondary 
sfflorssoonoss  on  ths  rla  of  ths  syslid  and  ths  noss,  both  intsrnally  and 
sxtsrnally.  Ths  virus  was  rsoultursd  froa  ths  oonjunotiva  on  ths  12th  and 
14th  day  aftor  infsotiont  and  typioal  inolusion  bodiss  wars  dsaonstratsd 
in  ths  spithslial  oslls  of  ths  oonjunotiva.  rollowing  a  30-day  stay  in 
ths  hospltali  ths  inflaaaatory  odsaa  had  subsldsd  snough  to  osnsit  ths 
patisnt 'a  diaohargs.  Ooi^lsts  rsstitutiont  aarrsd  by  wsaki  irrsgular 
astiguatlsai  sst  in  aftsr  10  aonths  (Dosoh  and  Moritsoh  1956t  Pillat). 

Anothsr  singular  aso  involvso  isolation  of  a  oowpoa  strain  frea  ths 
pustular  oontsnt  of  a  ohild  affootod  with  seoallod  «soisaa  hsrpstiforao 
Kaposi <•  (Dosoh  and  Moritsoh  19S6t  Tappslnsr  1934) •  This  proosss  oould 
havo  boon  dsoignatsd  alto  ai,'  "sosoaa  vaaolhAtuat"  but  it  osous  propori 
for  didaotio  roasenoi  to  uoo  this  torn  only  for  ths  ooaplioation  dsvslop- 
ing  in  ths  wako  of  voooination  with  vaooinia  virusi  and  to  oaploy  ths 
tom  ooinod  by  Kaposi  (1393)  far  ths  broador  olinioal  syndroas  roquirlng 
idsnti f io.'ition  of  ths  pathogat  by  virologioal  asant, 

A  partloularly  osvsrs  and  fatal  ooi^lioation  of  a  looal  infsotion 
with  oowpox  viius  was  roportod  froa  Holland  (Sohroudsrt  van  Rijsssl  and 
VorUnds  1930i  1931). 

A  13-ysar-old  girl  who  had  nsvsr  boon  vaooinatsd  dsvslopsd  snoophalo- 
ayslltls  14  days  aftor  a  looal  infsotion  of  hsr  hands  duo  to  ailking  of 
infootod  oowt.  Oowpox  virus  was  ioolatod  froa  ths  oow's  uddsr  and  froa 
ths  girl's  hands,  but  not  from  hsr  brain  upon  autopsy.  It  is  notsworthy 
that  histologioal  axaairutlon  of  ths  brain  rsvoalsd  ths  saas  pathoHgioal 
ohangss  as  thoss  found  in  ososllsd  postvaooinal  snosphalitis  of  aa.i. 


I 


This  flndini  shows,  thersfors,  that 

1.  ths  aorbld  sysptoras  of  soosllsd  human  postvaooinal  snosphalltls  maj 
bs  provoksd  by  lnf«ofc4«f»  witw  anothsr  ?irus  sf  tu«  pM  creupi 

2,  Jsnnsr't  old  msihod,  rsquiriag  vaooination  with  taauihs  eowpox  virus, 
offsrs  00  guaraaUos  af^nsi  oompUoations. 

This  oats  la  of  primary  iiiKirtaaot  for  all  tabtoquoni  taptrlmsnUl 
rttaapoh  into  tho  oautas  of  aooallod  pootvasolnal  onoaphalltia,  oinoo  it 
Imrolvoa  a  human  oaao  apd  indioatoo  that  tush  toato  art  poitihlt  not  only 
with  taooiala  virutf  whioh  it  net  alwtya  raadlly  dmonatrabloi  but  alto 
with  oowpox  vlrutt  uhloh  itndt  to  form  Urgt  Intlution  boditt  and  it  mart 
rudilj  adaptod  to  difforant  tsat  animals  (Noi'lt.tth  1956 1  van  Tongtrtn 
1952). 


2.  Znftotions  of  tht  aous*. 

Tht  aouss  lands  itiolf  rsadtly  to  ths  study  of  oowpox  virus 
Infsotions,  btoauas 

1.  it  la  poaaiblt  to  apply  virus  in  difforwt  ways  (i.o.»  l.v.,  l.p., 
a.t.), 

2.  ths  muuat  it  voiv  aonaitivs  and  roaota  difftrontly  to  ths  various 
routoa  of  infootloni 

3.  domonatration  of  virus  in  tho  meuao  is  rolativoly  oaay  both  viro- 
10|loally  and  histologioallyi 

i».  ovon  largo-aoalo  oxporiaonta  art  not  too  oxpanaivo. 

Tho  first  Infootivo  toita  data  baok  to  van  Tongtrtn,  who  auoooodod 
pogularlr  in  killing  aioo  through  i.o.  and  l.v.  infootion  and  in  growing 
tho  oriipnal  oowpox  strain  froa  tho  aatorial  (van  Tongtron  1952). 

Zt  waa  shown  lator,  in  oxtonoivo  toato  of  our  own,  that  infootion 
with  our  own  strain  of  oowpox  Isado  to  doath  ovon  aftor  a.o,  infootion, 
in  oontraot  to  tho  vaooinia  virus  strain  "Ioanna,"  adaptod  to  tho  mouao 
brain,  whioh  ia  10Q)C  lothal  only  upon  i.o.  applloation  to  mioo  wsighing 
1-10  g. 

Tho  olinioal  oourso  of  a  aeuoo  infootsd  i.o.  with  oowpox  virus  is 

foouliar  and  roaoabloa  that  doooribod  by  Xoaonau  and  Andsrvont  (1931) 
n  oonnootion  with  aioo  infsotod  with  vaooinia  virus.  Zt  diffora  oon- 
sidsrably  froa  tho  appoaranoo  of  an  infootion  with  a  pronounood 
nsurotropio  virus  strain.  Paralysos  art  novor  osoti,  taut  attaoka  of 
oramno  sotting  in  shortly  bofors  doath  havs  boon  notod,  aoeeapanisd  by 
rhinltii  and  aovoro  oonjunotlvitia,  Ths  aioo  huddlo  oloaoly  togothor. 


th^^ir  fur  bristled  and  tbelr  pale  tails  have  bamboo-ilka  contraoturos. 

Mice  infected  with  cowpox  vin’.s  by  different  ri'utes  (i.p.,  a.o.,  l.v.) 
show  a  itiniilar  picture,  with  the  important  difference  that  cramps  r.re 
never  seen  after  l.c.  infection.  Cowpox  virus  shews 
in  tiie  brain  3  <lays  after  l.c.  lifeotion,  while  all  other  routes  Induce 
the  highest  viral  contert  in  the  liver  and  spleen.  Thus,  in  oontraet  te 
a  nevrotrupic  virus  strain  adapted  to  aloe,  it  is  impossible  to  show 
epontansoue  vlra}  oultlplioation  in  the  brain  after  non-i.e.  infection^ 
nor  do  passages  produce  such  adaptation  of  tht.  virus  to  the  mouse  brain, 
as  usually  obtained  fron  freshly  teolated  naurotroplo  strains,  Psrhaps 
the  main  rsason  Is  to  be  found  in  as  yst  unknown  reactions  taking  place 
upon  invasion  of  a  coll  by  virus,  at  the  jit#  of  vi.rus  propagation  in  the 
brain,  whl'ih  loay  be  linked  to  the  type  of  cell  In  which  viral  multiplica¬ 
tion  occurs.  Thus,  neurotvuple  viruses  multiply  in  the  ganglion  cells  of 
the  CijS,  leading  bo  histological  pictureo  of  frank  encephalitis  with 
nsuronophagla,  perivascular  osllular  infiltrates,  meningitis  and  others, 
while  cowpox  virus  introduce i  Intraoerebrally  attacks  principally  the 
epithelial  cells  of  the  plexus  chorLoideus  and  the  ependyma  of  the 
ventricles.  3uch  a  cerebral  sectlcn,  when  stalnri  in  the  customary  manner 
with  hematoxylin-eoain,  may  look  quite  innocent,  unless  the  plexus 
ohorloldeue  is  observed  with  Mann's  stein,  whj.ch  vlsuallzss  inclusion 
bodies  particularly  we]l  and  thr.  pathological  changes  are  revealed  in 
preparations  stained  by  othor  agents.  It  is  qui.ta  understandable  that 
viral  affection  of  theao  different  brain  cells  may  be  trlggored  by 
different  faotors.  Our  own  studies  have  shown  that  peripherally  applied 
(not  i.o.)  infection  of  the  mouse  with  cowpox  virus  cannot  induce  viral 
affection  of  brain  cells  either  with  the  aid  of  traumatic  irritants 
(i.o.  injection  of  sterile  solution)  or  by  simultaneous  application  of 
different  drugs  (cortisone,  tiypan  bias,  oardiarol,  thsophylline) .  On  the 
other  hand,  l.v.  infection  and  dally  treatment  of  the  mouse  with  electric 
shock  (1  min.  70  volts  AC)  produced  viral  multiplication  in  the  brain, 
demonstrable  both  vlrologloally  and  histologically  (Morltsch,  in  print). 

It  must  be  stressed,  hoirever,  that  inclusion  bodies  were  found  only  in 
the  purely  mesenchymal  part  of  the  brain  after  these  provocations,  i.o., 
in  the  meninges  and  in  the  stroma  of  the  plexus  chorloideus,  indicating 
a  differance  between  the  infective  meohanlem  of  a  direct  i.c.  infection 
and  one  provoked  by  electric  shock. 

A  peculiar  and  heretofore  unmentioned  phenomenon  is  the  reciprocal 
interaction  of  a  neurotroplo  virus  strain  (group  of  the  Russian  early 
suffliuer  sncephalltie  viruses)  with  our  own  cowpox  virus  after  peripheral 
Infection  of  the  mouse.  Since  histological  studies  of  mouse  organa  had 
failed  to  disclose  lesions  typical  of  these  two  strains,  a  foreign 
interference  munlfostatlon  eeemed  to  bn  involved,  whoso  mechanism  is  as 
yet  ixtyknown,  since  aerial  studies  are  still  in  progress. 
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Histological  sxajBlnatlons  of  aloe  Inf acted  varlouBly  Mith  oowpox  virus 
yielded  Inclusion  Lodias  in  different  organs.  These  foraatlonL  were  IV^und 
regularly  at  the  site  of  infection,  e.g..  t-h?  cpilhsliil  Ovll*  uf  tho 
wklii  Slier  intraoutaneoua  Infection,  in  the  epithelial  oells  of  the  plexus 
and  the  ventricular  ependyma  upon  intracerebral  applioatlon,  in  the 
alveolar  epithelium  of  the  lungs  after  i.n.  infection,  etc.,  but  appeared 
also  in  various  distant  organs  due  to  hMaatoganic  dissemination,  as  in 
the  suprarenale,  testes  and  elsewhere.  On  the  other  hand,  the  liver 
reveals  obaraeteristio  necrosis  whirh  may  attain  tha  slis  of  plnhsada, 
partlou^rly  after  i.v,  infection.  Zt  is  noteworthy,  moreover,  that  no 
inflamnatory  cellular  defensive  reections  are  seen  and  that  the  transition 
of  nsorosis  to  healthy  liver  parenchyma  la  formed  only  by  nuwroue  oells 
with  inoluslon  bodies,  oells  that  have  not  been  destroyed  as  yet.  Sinoe 
the  multiple  neoroeee  are  alwaye  found  in  tha  mousfi  liver,  even  after 
variable  infective  teohnliiuee,  they  repreeent  e  velueble  olue  to  morbid 
hletologloal  exemination  of  mice  in  the  differentiel  diagnosis  of  oowpox 
virus  infeotlone. 

3.  Infections  of  the  rabbit. 

The  uae  of  rabbits  as  experlmenUl  animals  for  the  demonstration 
of  pox  group  virusao  la  baaed  on  long  experience.  Its  epeolal  advantage 
eriaee  primarily  from  the  circumetence  that  these  anlnala  may  be  infected 
cuteneously  and  that  the  Iccal  reaction  on  the  akin  permlta  a  quintita* 
tive  datenalnation  of  viral  content  as  well  as  neutraUeatlon  teste.  Zn 
addition,  infection  of  the  loarlfled  cornea  (Paul)  and  tha  testae 
(Ottaawara)  le  an  excellent  maene  for  the  laoletlon  of  e  virus  strain  from 
questionable  material. 

Herrlloh  and  Nayr  (19JU»}  have  given  very  thorough  details  of  the 
oourae  of  an  intraoutanious  infection  with  oowpox  vlrue  end  the  overall 
aymptoae  developing  from  it,  including  generalisation.  These  authors 
initially  found  only  very  flat  looal  infiltrations,  which  were  ac¬ 
companied  after  k6  hours  by  petechial  hemorrhage.  These  extravaeatloni 
inoreaec  and  cover  the  whole  infection  during  the  next  U8  hours.  Now 
osnti'al  fusion  of  tlisue  sets  in,  delimited  proxlmally  by  an  anenlo  eons 
of  irritation  and  peripherally  by  a  deep  heaorrheglo  rei^on  which 
gradually  blende  with  the  healthy  tieeue  eurrounding  It.  Severe  edema 
la  seen  in  the  miboutis.  This  type  of  local  hemorrhagic  Inflannation 
is  typical  of  oowpox  virus  infeotlone,  in  contrast  to  Itifeotionc  with 
eooalled  teetlouiar  or  neuro-vecoinee  whose  hemorrhagic  lonc  on  the 
periphery  le  sharply  delineated  from  the  intact  ourroundinge  and  whose 
central  necrosis  Isavss  e  deep  crater  in  the  mors  strongly  developed 
infiltrate.  Aside  from  lootl  foimation  of  inclusion  bodies,  whose 
unusual  else  in  Itself  is  pethognoiunio  of  oowpox  virus  infsotions,  tha 
onward  davslopmant  of  general  eyinptome  la  partloulerly  severs  in  this 
dlseeee.  Saoondery  offlorssosnoes  appear  on  the  depiluted  ikin  and  on 
tha  mucous  msmbranssj  the  eniesils  are  highly  febrile  and  most  of  them 
sucovunb  10-14  'iaya  after  infection.  We  never  taw  enoephalltle  after 
intraoutaneoua  infection,  as  ocoaslonally  diegnoeecl  by  Kerrlioh  A  Heyr. 
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Based  on  this  clearly  expressed  tendency  to  local  heuiorrhaglc 
Inflammation,  the  experienced  obsenrer  can  diagnose  a  cowpox  virue 
Infection  Intracutaneoualy.  Generally  speakings  this  test  vd.ll  be  used 
principally  for  quantitative  determination  of  viral  content  or  for 
neutral isat'l on  heeha.  althov.jh  it  !!!”5t  bs  pointed  cut  thct  sur  SVT,  tssts 
have  yielded  mors  exact  values  upon  i.c.  infection  of  laloe  (Dosoh  and 
Horitsoh  1956). 

Cotqjarative  studies  of  Infections  of  the  scarified  cornea  with 
covrpox  or  vaeoinia  virus  lead  Berger  (1956)  to  the  conclusion  that  the 
vshsmenos  of  reaction  is  lest  storay  vidth  cowpox  virus  than  with  vaccinia 
vlru8>  basing  hi's  asausqotlon  on  the  total  diameter  of  the  crater  within 
the  local  leal  on.  The  abnomal  development  of  the  else  of  inclusion 
bodies  in  the  epithelial  calls  of  the  cornea,  in  conqMrlson  with  vaccinia 
infeotlone,  waa  pblHted  out  by  Kaiser  and  Oherardlni  as  early  ae  1940. 

As  in  the  case  of  vaccinia  virus,  the  intracerebral  infection  of 
rabblte  as  a  rule  leads  to  enoephalitis,  although  enoephaliilo  lesions 
are  regularly  seen  in  our  teats  following  intraocular  infeotion, 
eapsoially  in  the  frontal  lobe  (Moriteoh  1954).  These  vaoolnia  or  oovtpox- 
induoed  viral  enoephali tides  of  the  rabbit  are  distinctly  marked  in 
hlstologLoal  specimens  and  differ  fundammitally  from  the  appearance  of 
sooalled  poatvaoolnal  enoephalltle  of  man  and  from  mice  infeoted  l.o. 
with  oowpox  vims.  For  this  reason  comparative  morbid  hlstologlaal 
examinations  had  falltd  to  produce  positive  results  regarding  the 
etiology  of  human  poatvaoolnal  sno^halltla. 

4»  Infeotion  of  the  fertile,  Inoubated  hen's  egg. 

The  ohiok  fetus  is  the  n»st  common  experimental  animal  used  in 
laboratory  diagnoses  of  viruses.  Its  divsrss  membranss  with  thslr 
varlabls  Infsotivs  posslbllltiss  psrmit  diffsrsntlation  of  all  strains 
of  animal  pox,  as  shown  In  oomprahsnslvs  investigations  by  HsrrUoh  and 
Mayr  (1955)  •  Sinos  cowpox  vims  applied  to  the  allantoic  cavity  asserts 
itself  very  poorly,  moat  teats  vd.ll  rely  on  direct  inoculation  of  the 
ohorloallsntoio  membrane  (OAN)  and  intravascular  infection  after  Dosoh 
(1954,  1956),  since  tliess  methods  promise  optimal  results. 

In  evaluating  thsas  infections  of  tha  hen's  egg,  a  oonsistsnt 
survey  will  involve 

a)  the  time  at  vdiloh  lesions  appeared, 

b)  the  nature  of  individual  dsfaots,  and 

a)  the  extent  of  ssoondary  lesions  on  the  membrane  and  on  the  vthole 
fetus. 
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Direct  Inoculfttlon  of  CAM  with  cotipox  leeda  to  appearance  of  firab 
leaiona  at  the  aite  of  Infection  after  incubation  for  20  hours,  followed 
hy  the  peak  of  the  primary  raproduotiwe  phaae  on  the  3rd  day.  Smbryoa 
may  die  after  application  of  high  doses  fsr  tihls  puipwoe. 

Otherwiie  50%  of  the  infected  egga  ahow  genera3lBation  after  70  to  82 
hour a  aa  a  algn  of  biphase  developaiant^  oonsieting  of  numerous  aeoondary 
pox  foci  on  the  membrane  and  the  fatua  proper,  causing  death  of  all 
embryos.  All  of  these  infections  were  narked  by  rapid  proUferatlwe 
procossea  on  the  eotoderm  and  by  relatively  late  oeir^ral  neorotaiosis  of 
these  degenerate  and  proliferative  epithelial  cells.  The  vessels,  as  a 
rule,  are  infiltrated  oellularly  and  consequently  ahow  narked  thiekening, 
resulting  in  defects  of  the  vascular  wall  with  oonaeoutive,  extensive 
extravasations.  This  heawrrbagLo  nature  found  on  the  egg  membrane  and  in 
seoondary  fod.  nay  lead  to  erosion  of  larger  vessels  with  rsaultant 
hesnrrhagea  into  the  body  oavities.  The  hemorrhagic  nature  of  oowpox 
virus  on  the  egg  menbrane  is  important  with  respect  to  differential 
diapioaie  vis>a-vis  teotiou'iar  and  neuro-lapines  (vaccinia  virus  1),  since 
the  latter  can  never  cause  a  hemorrhagic  reaotion  on  the  egg  membrane. 

Oeneraliaation  of  the  virus  is  expressed  initially  by  secondary 
efflorescences  on  uninoculated  parts  of  the  CAM  and,  oiost  pronounced, 
by  enlargensnt  of  the  liver,  which  is  pemeated  by  nuurous  necroses. 
However,  there  are  no  principal  differences  in  the  histological  section 
between  a  direct  infection  and  one  caused  indirectly  by  the  hemal  route. 

It  must  be  renenbered,  however,  that  the  primary  lesions  may  already  show 
regressive  changes  at  the  time  of  fetal  death  due  to  the  time  interval 
involved,  which  la  readily  explained  by  their  "head  start"  of  about  48 
hours.  When  the  intravasoular  technique  of  ohiok  embryo  infection  is 
used  according  to  Dosoh  (1954),  phase  1  coincides  with  phase  2  and  viral 
generalisation  is  demonstrated  throughout  the  egg  after  Inoubation  for 
2  days.  The  result  is  a  local  eruption  at  the  site  of  injection, 
accompanied  by  uniformly  disseminated,  flatly  lenticular  tissue  in¬ 
filtrates  along  the  blood  vessels  of  the  CAM,  effloresoenoes  of  the  yolk 
membrane  and  disseminated  submlliary  fod  in  the  liver.  The  liver  is 
enormously  enlarged  and  deganeratedi  the  foci  themselvea  appear  as 
foeally  neorotiiing  hepatosis  with  vascular  ectasias. 

This  clinical  condition  nay  ho  survived  by  the  fetus  in  phase  2  after 
direct  inoculation  of  the  OAK.  Depending  on  the  length  of  additional 
incubation,  the  lesions  will  show  qualitative  differences  in  the  develop¬ 
mental  stage,  but  a  phase  3  of  generalisation  has  not  been  seen  to  date. 
However,  when  eggs  are  infeoted  int rave ocularly  according  to  Dosoh  (1954), 
the  infective  course  may  be  followed  by  one  additional  phase  which  would 
coincide  chrono logically  with  phase  2  of  direct  OAN  inoculation,  and 
which  this  fetus  would  still  survive,  provided  this  mode  of  infection  is 
utilised.  This  "phase  3"  ia  manifested  in  contact  infections  of  the 
fetal  skin  and  the  digestive  and  respiratory  tract  by  hematogenloally 
infected  amniotlo  fluid.  This  parti oularly  subtle  infection  enables  the 
virologist  to  observe  the  course  of  an  egg  infeoted  with  a  pox  group 
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virus  for  extendtd  psrlods  of  timo,  permitting  Infsrsnos  of  addltlonsl 
factors  for  the  differentiation  of  individual  virus  strains. 

The  speolal  criterion  of  oowpox  Infeotloni  the  tendency  to  forts 
unusually  large  inclusion  bodies,  is  demnnstrated  tdth  ease  in  the 
eptodermal  epithelial  cells  of  the  (kM.  On  the  other  hand,  inoculation 
of  the  allantoio  cavity  vdth  oowpox  virus  is  rarely  suoceseful,  in 
contrast  to  vacolnla  virus,  and  produces  only  isolated  cellular  inclusions 
(Herrlioh  and  Meyr  1955)  i 

We  oust  point  out  again  that  isolation  of  so called  "white  mutants" 
is  possible  on  the  OAMj  their  peculiar  behavior  has  bean  investigated 
extensively  by  van  Tongeren  (1952). 

Finally,  the  oharaot eristic  and  constant  behavior  of  pox  group 
viruses  (including  cowpox  virus)  in  the  fertile,  Incubated  chick  embryo 
offers  possibilities  of  exact  diagnosis  and  differential  diagnosis  among 
this  group.  Details  have  been  eumssirlaed  and  recorded  by  Herrlioh  and 
Heyr  (1955). 


Definition  of  ooMpox  virus. 

The  cuneietent  and  charaoterietio  behavior  of  oowpox  virus  in 
different  animal  species  permits  positive  differentiation  of  thie  virus 
from  other  strains  of  the  pox  group,  particularly  from  current  vaccinia 
virus.  The  essential  and  principal  peculiarities  of  oowpox  virus  are  its 
tendency  to  form  large  inclusion  bodies  (especially  In  the  epithelial  cells 
of  the  ectoderm),  the  homorrhagio  nature  of  local  inflaxuBStory  fool  and  the 
resulting  augmented  pathogenicity  for  the  effected  individual.  derologl> 
oally,  oowpox  virus  may  be  differentiated  from  variola  and  vaccinia  virus, 
but  not  from  eotromella  virue.  A  singular  property  is  the  formation  of 
"white  mutants"  which  differ  vlrologioally,  taut  not  serologioally,  from 
the  original  strain.  The  hypothetical  assumption  that  thie  eooalled 
"white  mutant"  may  repreeent  the  starting  material  of  our  current  vaccinia 
virue  strains  (Downie  1952)  cannot  be  affirmed  today  and  must  aweit  the 
results  of  exaoter  atudies.  I.i  line  with  current  loientifio  standards, 
the  virus  described  here  In  d«Uil  must  be  designated  "cowpox  virus,"  and 
this  nomenclature  must  bo  coneidered  strictly  esparate  and  abeolutely 
binding. 


